Marianna University School of Medicine-Insomnia is one of the most common complaints at worksites, as well as in the general population. This study aims to assess the effect of insomnia on the development of hypertension in Japanese male workers. Using the annual health examination database of a Japanese telecommunication company, eligible middle-aged male participants in the 1994 health examination were followed up until 1998 or the development of hypertension (either initiation of antihypertensive therapy or a systolic blood pressure ≥140 mmHg and/ or a diastolic blood pressure ≥90 mmHg). The effect of difficulty initiating sleep (DIS) was assessed with a DIS dataset (n=4,794), which included non-DIS (n=4,602) and persistent-DIS (n=192) subjects. That of difficulty maintaining sleep (DMS) was assessed with a DMS dataset (n=4,443), which included non-DMS (n=4,157) and persistent-DMS (n=286) subjects. The incidence of hypertension among persistent-DIS (40.1%; 130.7 per 1,000 person-yr) was significantly higher than that among non-DIS (30.6%; 89.9 per 1,000 person-yr). The incidence of hypertension among persistent-DMS (42.3%; 136.7 per 1,000 person-yr) was significantly higher than that among non-DMS (30.7%; 90.8 per 1,000 person-yr). After adjusting for potential confounding factors (i.e. age, body mass index, smoking, alcohol drinking, and job stress), persistent complaints of DIS and DMS were significantly associated with an increased risk of hypertension (OR=1.96; 95%CI: 1.42-2.70 and OR=1.88; 95%CI: 1.45-2.45, respectively). Persistent insomnia may be a useful predictor of hypertension in Japanese male workers. (J Occup Health 2003; 45: 344-350) 
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The prevalence of insomnia has been estimated to be about one-fifth of the general population. Kim et al 1) reported a rate of 21.4% (22.3% in men and 20.5% in women) among a representative sample of 3,030 Japanese adult subjects. Doi et al 2) reported rates of 17.3% in men and 21.5% in women among a representative sample of 1,871 Japanese adult subjects. Such a high prevalence of insomnia has been estimated also in worksite populations 3, 4) . Insomnia has a pervasive influence on daily life functions compromising social and occupational performance [5] [6] [7] [8] . Moreover, the prevalence of insomnia has been found to be associated with various medical conditions (e.g. musculoskeletal disease, digestive disease, circulatory disease, respiratory disease, diabetes and migraine) [9] [10] [11] [12] . We previously elucidated sociodemographic, lifestyle, psychological and physical factors associated with two subtypes of insomnia in Japanese male workers. After adjusting for confounding factors, difficulty initiating sleep (DIS) and difficulty maintaining sleep (DMS) were significantly associated with hypertension (HT) 13, 14) . Similarly, several investigators reported a significant association between insomnia and HT 9, 12) , but these findings were derived from cross-sectional analyses. There has been insufficient evidence to answer the question whether insomnia leads to HT or vice versa.
HT is one of the most important health problem in Japan 15) . A better understanding of the association between insomnia and HT will afford a new prospect on measures to prevent HT. In this study, we conducted a 4-yr follow-up of Japanese male workers to assess the effect of insomnia on the development of HT.
Methods
A longitudinal database was accumulated from an employee health management center in a Japanese telecommunication company. Details of the process of annual health examination have been described elsewhere 13, 14, 16) . Briefly, the participants in the annual health examinations were asked to complete a structured questionnaire about their medical history, physiological and psychological complaints, and daily life. Systolic and diastolic blood pressures were measured after five minutes of rest in a sitting position by well-trained nurses. For those with a systolic blood pressure ≥140 mmHg and/ or a diastolic blood pressure ≥90 mmHg, blood pressures were measured again after an additional five minutes of rest. Blood samples (fasting) were taken for measurements of biochemical and hematological variables. The above processes were conducted mainly in the morning according to the guidelines established by the employee health management center. All the available data were stored in the database.
We obtained 8,333 eligible male office workers and participants in the 1994 health examinations, (1) who were aged 40 to 55 yr, (2) who had measurements of height, weight, blood pressure, and fasting blood glucose available, (3) who gave answers to the questions about insomnia and also those about smoking, alcohol drinking in the questionnaire, and (4) who had annually received health examinations until 1998. Among them, 6, 192 subjects were normotensive at the 1994 health examination. They were followed up until 1998 or the development of HT (either initiation of antihypertensive therapy or a systolic blood pressure ≥140 mmHg and/or a diastolic blood pressure ≥90 mmHg 17) ). Insomnia was classified into two subtypes, that is, DIS and DMS. The presence of DIS was defined by an affirmative answer ('always' or 'sometimes') to the question of "falling asleep with difficulty". That of DMS was defined by an affirmative answer ('always' or 'sometimes') to the questions on "awakening many times in the night" and "awakening once in the night and falling asleep again with difficulty" 13, 14) . The results of crosssectional analyses suggested that DIS and DMS might be differently associated with the prevalence of HT 13, 14) . Therefore, we assessed the effects of DIS and DMS on the development of HT separately.
We compared two extreme subgroups, that is, those who had never reported DIS/DMS during the follow-up period (i.e. non-DIS/DMS) and those who had reported DIS/DMS at every health examination during the followup period (i.e. persistent-DIS/DMS). The effect of DIS was assessed with a DIS dataset (n=4,794), which included non-DIS (n=4,602) and persistent-DIS (n=192) subjects. That of DMS was assessed with a DMS dataset (n=4,443), which included non-DMS (n=4,157) and persistent-DMS (n=286) subjects. Table 1 shows baseline characteristics of the DIS and DMS datasets.
Age, body mass index (BMI), diabetes, smoking and Diabetes was defined as a fasting blood glucose ≥7.0 mmol/l., †Assessed throughout the follow-up period. See Methods in the text.
alcohol drinking, and job stress were taken into account as potential confounding factors in the association between insomnia and HT 13, 14) . BMI was categorized into four strata: ≤18.5, 18.6-24.9, 25.0-29.9, and 30.0≤ kg/m 2 . Diabetes was defined as a fasting blood glucose ≥7.0 mmol/l 18) . Smoking was classified as never, 1-19 cigarettes per day, and 20≤ cigarettes per day. Alcohol drinking was classified as 0-1, 2-5, and 6-7 d per wk. Job stress was assessed by the questions on "having a hard time working" and "feeling fatigued with work every day". Those who had persistently answered 'yes' and those who had never answered 'yes' during the followup period were compared with the others (i.e. those who had intermittently answered 'yes').
Comprehensive consent for analysis of the data and publication of the results was obtained from the responsible health supervisor of the company. Each participant indicated his consent for the use of his data by answering the questionnaire. We paid attention to protection of the anonymity and confidentiality of the available data.
Statistical analyses
The statistical analyses were performed with version 8.02 software from Statistical Analysis Systems (Cary, NC). Adjusted odds ratios (ORs) and their corresponding 95% confidence intervals (CIs) for the development of HT were calculated by means of multiple logistic regression models, which simultaneously included age, BMI, diabetes, smoking, alcohol drinking, job stress, and either DIS (the DIS dataset) or DMS (the DMS dataset). Table 2 shows the association between DIS and the development of HT in the DIS dataset. Of the 4,794 subjects, 1,483 (30.9%) had developed HT during the follow-up period. The incidence of HT among persistent-DIS (40.1%; 130.7 per 1,000 person-yr) was significantly higher than that among non-DIS (30.6%; 89.9 per 1,000 person-yr). BMI, smoking, alcohol drinking and job stress were significantly associated with the development of HT (p<0.01 with the chi-square test). After adjusting for potential confounding factors (i.e. age, BMI, smoking, alcohol drinking and job stress), persistent-DIS was significantly associated with an increased risk of HT (OR=1.96; 95%CI: 1.42-2.70). Table 3 shows the association between DMS and the development of HT in the DMS dataset. Of the 4,443 subjects, 1,399 (31.5%) had developed HT during the follow-up period. The incidence of HT among persistent-DMS (42.3%; 136.7 per 1,000 person-yr) was significantly higher than that among non-DMS (30.7%; 
Results

Discussions
With the annual health examination database of a Japanese company, we assessed the effect of insomnia on the development of HT in Japanese male workers. After adjusting for potential confounding factors, persistent complaints of DIS and DMS were significantly associated with an increased risk of HT. There was no appreciable difference between the two subtypes of insomnia. Previous studies showed a significant association between insomnia and the prevalence of HT 9, [12] [13] [14] , but this is the first study to demonstrate that persistent insomnia may be a useful predictor of HT in a follow-up design.
Among various kinds of sleep disturbances, many studies have focused on sleep apnea and sleep-disordered breathing in terms of association with HT [19] [20] [21] [22] [23] [24] . It is thought that increased sympathetic nervous system activity, enhanced chemoreceptor sensitivity, and high circulating catecholamine levels may play significant roles in the association between sleep apnea and HT 24) . Krakow et al 25) reported that 50% of patients with sleepdisordered breathing described insomniac symptoms. On the other hand, Coleman et al 26) reported that sleep apnea was found in only 6% of patients with insomnia as a result of polysomnographic diagnosis. Other investigators reported similar rates, and no significant association between the two conditions was found either in outpatients or in the general population [27] [28] [29] . Based on a review of literature 8) , the Standards of Practice Committee of the American Academy of Sleep Medicine concluded that the evaluation of insomnia does not routinely require polysomnography 30) . The effect of insomnia on the development of HT is unlikely to be associated with sleep apnea. Unfortunately, we had no information on sleepdisordered breathing such as self-reported history of snoring. We could not adjust for sleep-disordered breathing, but the effect of sleep-disordered breathing on the development of HT has been variously found in previous epidemiological studies; some of them showed no significant association between snoring and HT 19, 20) . The effect of insomnia on the development of HT is unlikely to be explained by confounding with snoring.
There has been insufficient evidence to explain the underlying physiologic mechanisms of the association between insomnia and HT, but insomnia has been found Hypertension was defined as systolic blood pressure ≥140mmHg and/or diastolic blood pressure ≥90mmHg or taking medication. Diabetes was defined as a fasting blood glucose ≥7.0 mmol/l. † Assessed throughout the follow-up period. See Methods in the text. ‡ Adjusted for all factors shown in the table.
to be associated with neuroendocrine dysfunction; in particular, increased activation of the hypothalamicpituitary-adrenal axis [31] [32] [33] . As in the case of sleep apnea, neural, hormonal, and chemical regulatory systems are likely to be involved in the association between insomnia and HT.
As for job stress, both those who had persistently recognized it and those who had never recognized it during the follow-up period had an increased risk of HT. The role of stress in the pathogenesis of HT is controversial 17) . Schnell et al 34) reported that those who were repeatedly exposed job strain had 11/7 mm Hg higher ambulatory systolic/diastolic blood pressure than those without job strain. Kawakami et al 35) reported that high job strain (i.e. high job overload + low work-pace control) is associated with high systolic and diastolic blood pressure. On the other hand, Albright et al 36) and Tarumi et al 37) reported that job strain was inversely associated with the prevalence of HT. Other investigators found an inverse association between the stress level and systolic blood pressure [38] [39] [40] . The inability to express emotions (alexithimia) is often observed in patients with various cardiovascular diseases including HT 41, 42) . Those who had never recognized job stress may have a low capacity to express emotions, which may lead to an underreporting of stress. Although everybody is exposed to stressors, the stress perception and the stress responses are very heterogeneous 43) . The effect of job stress on the development of HT may depend on personality, coping skill and social support 44, 45) . Further studies taking into account these factors may be required to clarify the effect of job stress on the development of HT in detail.
Among various psychological factors, this study focused on job stress. The construct in psychosomatic medicine implies the existence of a relationship between psychological factors and the development of HT, but there has been insufficient evidence to support this construct 46) . Friedman et al 47) found no consistent association between psychological factors (e.g. type A pattern, anger, anxiety, distress) and HT. In this study, the effect of job stress on the development of HT was found even taking into account loss of patience and depression besides job stress (data not shown). It is worth pointing out that the assessment of job stress may provide useful information to promote measures to prevent HT.
Alcohol drinking had an unfavorable effect on the development of HT in contrast to a favorable effect of smoking. It is a well-known fact that excessive alcohol intake increases the risk of HT 17) . The result of this study indicates the importance of intervention targeted on those who drink alcohol regularly to prevent HT. The effect of smoking on blood pressure has been found to vary in previous epidemiological studies: some showed that smokers had slightly lower blood pressure than nonsmokers [48] [49] [50] . The result of this study supports the notion that smoking is not a major risk factor for HT but that for cardiovascular diseases 17) . Thanks to the use of an annual health examination database, we obtained data on potential confounding factors in the association between insomnia and HT. This fact seems to improve the credibility of the findings of this study. Nevertheless, this study has the following potential limitations. First, the definitions of the population at risk and the cases of developing HT depended on casual blood pressure measurements. As stated in previous studies, variability in measurements of casual blood pressure makes it difficult to establish both normotension at the baseline and subsequent development of HT 51) . But, the diagnosis of HT in this study was based on at least two measurements of blood pressure. Second, transient insomnia was not completely eliminated from insomnia. Those who had repeated transient insomnia might be included in the persistent-DIS/DMS subjects, but the answers to the questions about insomnia were expressed in terms of the frequency of complaints, and it is more likely that those who answered 'always' or 'sometimes' had chronic insomnia rather than transient insomnia. Moreover, transient insomnia is often caused by a transient stress, whereas chronic insomnia may be caused by multiple factors and often occurs in conjunction with other health problems 52) . The inclusion of transient insomnia may make it likely to underestimate the effect of insomnia on the development of HT.
The study subjects were restricted to male office workers in a Japanese telecommunication company. The prevalence of insomnia varies between different occupations 53) . The use of visual terminal displays is known to be associated with high prevalence of insomnia 3) . The information and telecommunication industry is at high risk of psychological complaints 54) and probably has a higher prevalence of insomnia than other industries. Further studies may be required to confirm the effect of insomnia on the development of HT in other industry populations.
In conclusion, persistent insomnia may be a useful predictor of HT in Japanese male workers. HT is a major risk factor for cardiovascular diseases. On the other hand, a recent prospective study 55) , as well as a meta-analysis study 56) , suggested that insomnia might increase the risk of cardiovascular diseases. The potential interaction between insomnia and HT may lead to excessive cardiovascular morbidity and mortality. In order to implement effective measures to prevent cardiovascular diseases, the three-way relationship between insomnia, HT and cardiovascular diseases should be fully discussed in future.
